In the AFW concept weight savings were realized in two ways: (1) a flexible wing; and (2) no horizontal tail.
In an AF3V wing design large amounts ofaeroelastic twist are permitted in order to provide improved maneuver aerodynamics at several design points (subsonic, transonic, and supersonic). However, a direct result of these large amounts of twist is degraded roll performance (in the form of aileron reversal) over a significant portion of the flight envelope.
At this point in a typical fighter design, a"rolling tail" would be added to the vehicle to provide acceptable roll performance.
However, in an AFW design, multiple lead- This modification consisted of adding a ballast store to each wing tip. A drawing of the tip store is shown in figure 3 .
The ballast was basically a thin, hollow aluminum tube with internal ballast distributed to lower the basic wing flutter boundary to a desired dynamic pressure range.
Additionally,
the store provided a model safety feature. Instead of a hard attachment, the store was connected to the wing by a pitch-pivot mechanism.
The pivot allowed freedom for the tip store to pitch relative to the wing surface.
When testing for flutter, an internal hydraulic brake held the store to prevent such rotation. This was called the "coupled" tip ballast store configuration.
In the event of a flutter instability, this brake was released. In the released, or "decoupled," configuration the pitch stiffness of the store was provided by a spring element internal to the store as shown in figure 3. The reduced stiffness of the spring element, as compared to the hydraulic brake arrangement, boards, an army processor (AP) board, twoanalog-to-digital, and two digital-to-analog conversion boards. A "primary system" and a"backup system" were configured from these components, affording some degree of redundancy in case of a failure of one of the processor boards. Table I . Because equations were required for many combinations of Mach number and dynamic pressure, and because there were a variety of anticipated uses for the _quations, a significant engineering effort was expended, resulting in an extensive database of aeroelastic equations of motion.
Linear Aeroelastic Equations of Motion
The starting point for all equations of motion was a Rockwell-generated finite-element model of the AFW wind-tunnel model. An eigensolver analysis was employed to obtain the mode shapes, frequencies, and generalized masses for the first 10 symmetric and the f_t 10 antisym-metric elastic modes.
Control-surface-deflection modes
were appended to all configurations and a rigid-body roll mode was appended to configurations 3 and 4 in Table 1 . 
Nonlinear Simulation of Aeroelastic

Equations of Motion
Two nonlinear simulations were employed to support preparations for the 1989 and 1991 wind-tunnel entries:
a comprehensive nonlinear batch simulation and a nonlinear hot-bench simulation. This section of the paper briefly describes each.
Batch Simulation.
-The nonlinear batch simulation served as a"truth model" for control law designers in the evaluation of control laws prior to wind-tunnel tests.
The starting point for the batch simulation was the linear equations of motion and their corresponding corrections and refinements.
Further refinements were incorporated so that asymmetries and nonlinearities could be included in the "truth model."
By dropping the assumption of planes of symmetry and antisymmetry, the aeroelastic equations of motion were rewritten as "whole aircraft" equations, thereby allowing the right-side and left-side actuators to be modeled individually.
In addition, actuator rate limits as functions of 
CONTROL LAW DESIGN
Two kinds of control laws were designed and tested on the AFW wind-tunnel model: flutter suppression control laws and rolling maneuver control laws. Four teams designed flutter suppression conu'ol laws; two teams designed rolling maneuver control laws. This section of the paper states the design objectives and design goals for each kind of control law and briefly describes the design procedures and control laws produced by all six design teams for the 1991 entry.
Flutter Suppression Control Laws
The 
ON-LINE ANALYSIS CAPABILITIES
TEST RESULTS
This section of the paperpresents a summary of test results from the 1989 and 1991 wind-tunnel entries. These 
Open-Loop Flutter Testing
Open-loop flutter conditions were needed to assess the performance of the flutter suppression control laws, as well as to assess model safety risks throughout the wind- Figure 8(a) shows that all four control laws were able to suppress flutter to a dynamic pressure condition 23 percent beyond the symmetric flutter dynamic pressure. However, this percentage increase did not represent encountering the closed-loop flutter boundary. Testing was ceased at this dynamic pressure condition due to the operating limits of the facility. All four control laws were stabilizing the model at this condition.
Fixed-in-roll
configuration.
-To suppress flutter in this model configuration, a control law had to suppress two flutter modes: symmetric and antisymmetric.
Therefore, both symmetric and antisymmetric fluttersuppression control laws had to be operating simultaneously.
Only three of the flutter-suppression control laws were tested in this model configuration; the fourth was unable to be tested. Figure 8(0) A more complete presentation of results from RRTS testing may be found in rcfcrcncc 12.
Multiple-Function Active Controls Testing
An important goal of the AFW program was thc demonstration of MIMO multiple-function control law testing. Multiple-function control was accomplished through the simultaneous operation of flutter suppression and rolling maneuver control laws. Four combinations of flutter suppression and rolling maneuver control laws were tested. 1he wind-tunnel model was in the free-to-roll configuration, and for this reason only the symmetric flutter mode had to be suppressed. Two types of multiple-function tests were performed: "cruise" and"rolling maneuver." A summary of the different control law combinations that were tested and the corresponding maximum dynamic pressure test conditions achieved is presented in Table 3 . Cruise.-In this type of testing flutter suppression and rolling maneuver control laws were operated simultaneously, but no rob maneuvers were performed. As can be seen from the second column in Table 3, Based on these conditions, rolling maneuvers were performed at dynamic pressures from 11 to 17 percent above the symmetric flutter boundary for four different combinations of flutter suppression and rolling maneuver control laws. 
CONCLUDING REMARKS
